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(54) Exhaust emission control system for internal combustion engine 



(57) An exhaust emission control system for an in- 
ternal combustion engine amounted on an automotive 
vehicle. The exhaust emission control system compris- 
es a first catalyst disposed in an exhaust gas passage 
of the engine. The first catalyst functions to store NOx 
in an atmosphere having an air-fuel ratio leaner than a 
stoichiometric level and to release NOx in an atmos- 
phere having an air-fuel ratio richer than the stoichio- 
metric level and reduce released NOx in presence of 
HC and CO. A second catalyst is disposed in the ex- 
haust gas passage upstream of the first catalyst and 
having an oxygen absorbing ability. A control unit is pro- 



vided including a first section for accomplishing an en- 
richment treatment by enriching stepwise an air-fuel ra- 
tio of an air-fuel mixture to be supplied to the engine to 
an enrichment degree at a timing at which a lean oper- 
ation is changed to a stoichiometric operation in the en- 
gine, and recovering the enriched air-fuel ratio to the sto- 
ichiometric level at a recovery rate immediately after the 
enriching the air-fuel ratio. A second section of the con- 
trol unit is for estimating the oxygen absorbing ability of 
the second catalyst. A third section of the control unit is 
for correcting the enrichment degree to decrease in the 
step wise enriching as the estimated oxygen absorbing 
ability decreases. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to improvements in an s 
exhaust emission control system for an internal com- 
bustion engine, particularly for an automotive internal 
combustion engine which is operated mainly on air-fuel 
mixtures having air-fuel ratios leaner than a stoichiomet- 
ric level. 

[0002] Hitherto, an exhaust emission control system 
including a NOx (nitrogen oxides) absorbing agent has 
been proposed to be installed to an internal combustion 
engine. The NOx absorbing agent is disposed in an ex- 
haust gas passage of the engine. The NOx absorbing 
agent absorbs NOx when the air-fuel ratio of exhaust 
gas is leaner than a stoichiometric level, and releases 
the absorbed NOx when the air-fuel ratio becomes rich- 
er than the stoichiometric level. When judgment is made 
such that the amount of NOx absorbed in the NOx ab- 
sorbing agent has reached a limit level, the air-fuel ratio 
can be controlled at a level richer than the stoichiometric 
level, thus accomplishing an enrichment treatment for 
the air-fuel ratio of exhaust gas to be introduced into the 
NOx absorbing agent. This causes the NOx absorbing 
agent to release the absorbed NOx. Such an exhaust 
emission control system is disclosed in Japanese Pat- 
ent Provisional Publication No. 6-661885. 

BRIEF SUMMARY OF THE INVENTION 

[0003] Now, there has been a proposition that the 
NOx absorbing agent is provided with the function of a 
three-way catalyst. This is referred hereinafter as a 
"NOx storage type three-way catalyst" which is ar- 
ranged not only to release NOx in a rich operation but 
also purify or reduce the thus released NOx with HC (hy- 
drocarbons) and CO (carbon monoxide) which serve as 
a reducing agent and much emitted from the engine in 
the rich operation. In the rich operation, the engine is 
operated on an air-fuel mixture having an air-fuel ratio 
richer than the stoichiometric level. 
[0004] It is to be noted that the NOx storage type 
three-way catalyst is apt to be subjected to a thermal 
deterioration and therefore is proposed to be disposed 
in the exhaust gas passage downstream of a three-way 
catalyst which is referred hereinafter to as simply the 
"three-way catalyst". In this case, the three-way catalyst 
has an ability of absorbing oxygen, and therefore a part 
of HC and CO to be supplied to the NOx storage type 
catalyst is unavoidably oxidized or consumed with oxy- 
gen absorbed in the three-way catalyst. As a result, the 
amount of HC and CO to be supplied to the NOx storage 
type catalyst becomes deficient, so that NOx cannot be 
effectively reduced. 

[0005] In order to cope with the above, a basic value 
of enrichment degree relative to the stoichiometric level 
in the rich operation is determined corresponding to an 



amount of HC and CO to be required for releasing and 
reducing NOx absorbed or stored in the NOx storage 
type three-way catalyst. Additionally, the enrichment de- 
gree basic value is increased to a side where the en- 
richment degree increases (i.e., a correction amount is 
added to the enrichment basic value), upon taking ac- 
count of the fact that a certain amount of HC and CO is 
oxidized with oxygen absorbed in the three-way cata- 
lyst. 

[0006] However, since the oxygen absorbing ability 
and the oxidizing ability of the three-way catalyst change 
owing to deterioration with age and different tempera- 
ture conditions, the amount of HC and COto be supplied 
to the NOx storage three-way catalyst becomes exces- 
sive or deficient in case that the above-mentioned cor- 
rection amount determined upon taking account of the 
oxygen absorbing ability of the three-way catalyst is 
constant. For example, assume that the correction 
amount is matched to be optimum for the three-way cat- 
alyst in a new condition. In this case, when the three- 
way catalyst has been deteriorated so that its oxygen 
absorbing ability lowers, the amount of HC and CO to 
be supplied to the NOx storage type three-way catalyst 
becomes excessive by an amount corresponding to a 
decreased amount of HC and CO oxidized by the three- 
way catalyst. 

[0007] Therefore, an object of the present invention is 
to provide an improved exhaust emission control system 
for an internal combustion engine, including a three-way 
catalyst (having an oxygen absorbing ability) and a NOx 
storage type catalyst, by which the NOx storage type 
catalyst can be caused to be effectively function so as 
to reduce NOx at a high efficiency. 
[0008] Another object of the present invention is to 
provide an improved exhaust emission control system 
for an internal combustion engine, including a three-way 
catalyst (having an oxygen absorbing ability) and a NOx 
storage type three-way catalyst, by which the amount of 
HC and CO can be effectively supplied to the NOx stor- 
age type three-way catalyst without excess and defi- 
ciency even in case that the three-way catalyst having 
the oxygen absorbing ability is deteriorated with age 
and/or is subjected to different temperature conditions. 
[0009] A further object of the present invention is to 
provide an improved exhaust emission control system 
for an internal combustion engine, including a three-way 
catalyst (having an oxygen absorbing ability) and a NOx 
storage type three-way catalyst, by which an enrichment 
degree in an enrichment treatment for air-fuel ratio of 
air-fuel mixture to be supplied to the engine is altered in 
accordance with a changing oxygen absorbing ability of 
the three-way catalyst. 

[0010] An aspect of the present invention resides in 
an exhaust emission control system for an internal com- 
bustion engine. The exhaust emission control system 
comprises a first catalyst disposed in an exhaust gas 
passage of the engine. The first catalyst functions to trap 
NOx in an atmosphere having an air-fuel ratio leaner 
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than a stoichiometric level and to release NOx in an at- 
mosphere having an air-fuel ratio richer than the stoichi- 
ometric level and reduce released NOx in presence of 
HC and CO. A second catalyst is disposed in the ex- 
haust gas passage upstream of the first catalyst and 
having an oxygen trapping ability. A control unit is pro- 
vided including a first section for accomplishing an en- 
richment treatment by enriching stepwise an air-fuel ra- 
tio of an air-fuel mixture to be supplied to the engine to 
an enrichment degree at a timing at which a lean oper- 
ation is changed to a stoichiometric operation in the en- 
gine, and recovering the enriched air-fuel ratio to the sto- 
ichiometric level at a recovery rate immediately after the 
enriching the air-fuel ratio. A second section of the con- 
trol unit is for estimating the oxygen trapping ability of 
the second catalyst. A third section of the control unit is 
for correcting the enrichment degree to decrease in the 
stepwise enriching as the estimated oxygen trapping 
ability decreases. 

[0011] Another aspect of the present invention re- 
sides in an exhaust emission control system for an in- 
ternal combustion engine. The exhaust emission control 
system comprises a first catalyst disposed in an exhaust 
gas passage of the engine. The first catalyst functions 
to trap NOx in an atmosphere having an air-fuel ratio 
leaner than a stoichiometric level and to release NOx in 
an atmosphere having an air-fuel ratio richer than the 
stoichiometric level and reduce released NOx in pres- 
ence of HC and CO. A second catalyst is disposed in 
the exhaust gas passage upstream of the first catalyst 
and having an oxygen trapping ability. A control unit is 
provided including a first section for accomplishing an 
enrichment treatment by enriching stepwise an air-fuel 
ratio of an air-fuel mixture to be supplied to the engine 
to an enrichment degree at a timing at which a lean op- 
eration is changed to a stoichiometric operation in the 
engine, and recovering the enriched air-fuel ratio to the 
stoichiometric level at a recovery rate immediately after 
the enriching the air-fuel ratio. A second section of the 
control unit is for increasing the enrichment degree in 
the stepwise enriching by an amount corresponding to 
a quantity of HC and CO oxidized with oxygen trapped 
in the second catalyst, the quantity of HC and CO form- 
ing part of HC and CO to be supplied to the first catalyst. 
A third section of the control unit is for restricting the 
enrichment degree in the stepwise enriching within a 
combustion stability limit when the enrichment degree 
in the stepwise enriching is to exceed the combustion 
stability limit on a side of rich air-fuel mixture, and cor- 
recting the recovery rate in a manner that the first cata- 
lyst is able to be supplied with a quantity of HC and CO 
which is generally equal to a quantity of HC and CO in 
the same condition except for the enrichment degree 
being not restricted by the combustion stability limit. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

5 Fig. 1 is a schematic illustration of a first embodi- 
ment of an exhaust emission control system for an 
internal combustion engine, according to the 
present invention; 

Fig. 2 is a graph showing a wave form of a lean op- 
10 eration permitting flag under a changing vehicle 
speed, used in the control system of Fig. 1 ; 
Fig. 3 is a graph illustrating an enrichment treatment 
for an air-fuel ratio, carried out in the control system 
of Fig. 1; 

15 Fig. 4isaflowchartforjudgingaleanoperationcon- 
dition, used in the control system of Fig. 1; 
Fig. 5 is a flowchart for judging permission of calcu- 
lation of an amplitude ratio Var, used in the control 
system of Fig. 1 ; 

20 Fig. 6 is a flowchart for calculating the amplitude ra- 
tio Var; 

Fig. 7A is a graph showing a wave form of an output 
of a front-side oxygen sensor, used in the control 
system of Fig. 1 ; 
25 Fig. 7B is a graph showing a wave form of an output 
of a rear-side oxygen sensor, used in the control 
system of Fig. 1 ; 

Fig. 8 is a flowchart for setting an enrichment treat- 
ment flag FRSP, used in the control system of Fig. 1 ; 

30 Fig. 9 is a flowchart for calculating an enrichment 
degree KRICH, used in the control system of Fig. 1 ; 
Fig. 10 is a graph showing the characteristics of a 
recovery rate, used in the control system of Fig. 1 ; 
Fig. 11 is a flowchart for calculating an initial value 

35 KRICHST of the enrichment degree; 

Fig. 12 is a graph showing the characteristics of a 
NOx release-reduction basic value SNORS, used 
in the control system of Fig. 1; 
Fig. 1 3 is a graph showing the characteristics of an 

40 oxygen absorption basic value B-FORS, used in the 
control system of Fig. 1 ; 

Fig. 14 is a graph showing the characteristics of a 
correction coefficient ADHOS, used in the control 
system of Fig. 1 ; 
45 Fig. 1 5 is a flowchart for calculating the enrichment 
degree KRICH, illustrating a second embodiment of 
the exhaust emission control system according to 
the present invention; 

Fig. 1 6 is a graph illustrating a manner of calculation 
50 for a recovery rate in case that the initial value 

KRICHST of the enrichment degree is limited with 

an upper limit value RSPMAX, in connection with 

the control system of Fig. 15; 

Fig. 17 is a flowchart for calculating the initial value 
55 KRICHST of the enrichment degree, illustrating a 

third embodiment of the exhaust emission control 

system according to the present invention; 

Fig. 18 is a graph showing the characteristics of the 
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NOx release-reduction basic value SNORS2, used 
in the control system of Fig. 17; and 
Fig. 19 is a graph showing the characteristics of a 
NOx absorption rate TNOX, used in the control sys- 
tem of Fig. 17. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 3] Referring now to Figs. 1 to 1 4, more specifical- 
ly to Fig. 1, a first embodiment of an exhaust emission 
control system C for an internal combustion engine E. 
The engine E of this embodiment is for an automotive 
vehicle and of a cylinder-direct injection multicylinder 
spark- ignition type wherein fuel is injected directly into 
each cylinder. The engine E includes an engine main 
body 1 which is provided with an intake air passage 2, 
and an exhaust gas passage 5. A throttle valve 3 is dis- 
posed in the intake air passage 2 to control the quantity 
of intake air flowing through the intake air passage 2. A 
fuel injector valve 4 is disposed to project in each cylin- 
der (not identified) of the engine main body 1 so as to 
directly inject fuel into the cylinder. The fuel injector 
valve 4 is arranged to inject fuel to form an air-fuel mix- 
ture having a certain air-fuel ratio in the cylinder, in ac- 
cordance with an injection signal (not shown) transmit- 
ted from a control unit 11 which forms a major part of 
the exhaust emission control system C. 
[0014] The exhaust emission control system C in- 
cludes a variety of sensors, such as a crankangle sensor 
1 2, an airflow meter 1 3, oxygen (O 2 ) sensors 1 4, 1 5, an 
engine coolant temperature sensor (not shown), a gear 
position sensor (not shown), a vehicle speed sensor (not 
shown), and an accelerator operation amount sensor 
(not shown). The crankangle sensor 12 is adapted to 
generate a reference signal Ref at a rotational angle of 
a crankshaft (not shown) corresponding to a standard 
position of each piston, and a position signal Pos every 
a certain rotational angle of the crankshaft thereby to 
detect an engine speed NE of the engine E, The airflow 
meter 1 3 is disposed in the intake air passage 2 and 
adapted to generate an intake air quantity signal repre- 
sentative of a quantity Qa of intake air to be supplied to 
the engine E. The oxygen sensors 14, 15 are disposed 
in the exhaust gas passage 5 and adapted to generate 
an air-fuel ratio (oxygen concentration) signal repre- 
sentative of an air-fuel ratio (oxygen concentration) in 
the exhaust gas passage 5. The engine coolant temper- 
ature sensor is adapted to generate an engine coolant 
temperature signal representative of a temperature 
TWN of engine coolant (not shown) of the engine E. The 
gear position sensor is adapted to generate a gear po- 
sition signal representative of the gear position of a 
transmission (not shown) of the engine E. The vehicle 
speed sensor is adapted to generate a vehicle speed 
signal representative of a vehicle speed VSP The ac- 
celerator operation amount sensor is adapted to gener- 
ate an accelerator operation amount signal representa- 
tive of an operation amount APTV of an accelerator ped- 



al (not shown). 

[0015] The control unit 11 is supplied with the above- 
mentioned signals from the various sensors and ar- 
ranged to judge an operating condition of the vehicle in 
accordance with the signals. Under such judgement of 
the vehicle operating condition, the engine E is control- 
led to be operated on an air-fuel mixture having a lean 
air-fuel ratio (accomplishing a so-called lean operation) 
in a certain engine operating range where an engine 
load is not so high, and is operated on an air-fuel mixture 
having a generally stoichiometric air-fuel ratio (accom- 
plishing so-called stoichiometric operation) in other en- 
gine operating ranges. For example, assuming that the 
vehicle speed changes as shown in Fig. 2, a flag FLEAN 
(discussed after) for permitting a lean operation of the 
engine changes as shown, in which the lean operation 
is carried out upon FLEAN = 1 while the stoichiometric 
operation is carried out upon FLEAN = 0. 
[001 6] A three-way catalyst 6 serving as a second cat- 
alyst is disposed in the exhaust gas passage 5, in which 
the catalyst has an ability of absorbing oxygen and func- 
tions at the highest efficiency to reduce NOx (nitrogen 
oxides) and oxidize HC (hydrocarbons) and CO (carbon 
monoxide) during the stoichiometric operation of the en- 
gine. During the lean operation of the engine, the three- 
way catalyst 6 oxides HC and CO but is low in reduction 
efficiency for NOx. In view of this, a NOx storage type 
three-way catalyst 7 serving as a first catalyst is dis- 
posed in the exhaust gas passage 5 downstream of the 
three-way catalyst 6. The NOx storage type three-way 
catalyst 7 is arranged to function to absorb NOx in the 
atmosphere of exhaust gas having an air-fuel ratio lean- 
er that the stoichiometric level and to release NOx in the 
atmosphere of exhaust gas having an air-fuel ratio richer 
than the stoichiometric level, in which released NOx can 
be reduced in the presence of HC and CO. Accordingly, 
NOx generated in the engine during the lean operation 
can be absorbed or stored in the NOx storage type 
three-way catalyst 7. It will be understood that exhaust 
gas having the air-fuel ratio leaner than the stoichiomet- 
ric level is produced when the engine is supplied with 
air-fuel mixture having the air-fuel ratio leaner than the 
stoichiometric level, while exhaust gas having the air- 
fuel ratio richer than the stoichiometric level is produced 
when the engine is supplied with air-fuel mixture having 
the air-fuel ratio richer than the stoichiometric level. 
[001 7] Assuming that the lean operation of the engine 
is continued for a long time, the NOx storage type three- 
way catalyst 7 reaches its limit of ability of absorbing or 
storing NOx, and therefore it becomes impossible that 
the three-way catalyst 7 absorb or store NOx over the 
limit. In this regard, an enrichment treatment for the air- 
fuel ratio of the air-fuel mixture is carried out at a 
changeover timing from the lean operation to the stoi- 
chiometric operation. In case of Fig. 2, in order to cause 
the NOx storage type three-way catalyst 7 to release 
and reduce NOx which has been absorbed or stored in 
the three-way catalyst 7 in a section B in Fig. 2, the en- 
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richment treatment is carried out at a point C immedi- 
ately after the section B. 

[001 8] Now, since the three-way catalyst 6 has the ox- 
ygen absorbing ability, a part of HC and CO to be sup- 
plied to the NOx storage type three-way catalyst 7 is un- s 
avoidably oxidized or consumed with oxygen absorbed 
in the three-way catalyst 6. As a result, HC and CO to 
be supplied to the NOx storage type three-way catalyst 
7 becomes deficient by a quantity corresponding to the 
consumed HC and CO thereby making it impossible to 
accomplish efficient reduction for NOx. 
[001 9] In order to cope with the above, a basic value 
for a degree of enrichment (from the stoichiometric lev- 
el) in the enrichment treatment is determined in accord- 
ance with a quantity of NOx required to be released from 
the NOx storage type three-way catalyst 7 to be re- 
duced; and the basic value is increased to a side where 
the enrichment degree is enlarged from the stoichiomet- 
ric level upon taking account of the quantity of HC and 
CO to be oxidized by the three-way catalyst 6. The basic 
value corresponds to the sum of a basic value SNORS 
and a basic value B-FORS (discussed after) in the first 
embodiment, or a basic value KRICHO (discussed after) 
in a third embodiment. 

[0020] More specifically, the engine E is provided with 
an air-fuel ratio feedback control system which includes 
the control unit 11 and arranged to accomplish an air- 
fuel ratio feedback control in which the air-fuel ratio of 
the air-fuel mixture to be supplied to the engine is con- 
trolled at the generally stoichiometric value in order to 
cause the three-way catalysts to effectively function. For 
example, in the feedback control, the air-fuel ratio is de- 
termined in accordance with an effective fuel injection 
quantity which is obtained by multiplying a basic fuel in- 
jection quantity by a variety of correction coefficients in- 
cluding an air-fuel ratio feedback correction coefficient 
a. The effective fuel injection quantity is a quantity of fuel 
to be actually injected from the fuel injector valve 4. The 
basic fuel injection quantity is, for example, determined 
in accordance with the intake air quantity and the engine 
speed of the engine E. Accordingly, it will be understood 
that the effective fuel injection quantity is changed by 
altering the air-fuel ratio feedback correction coefficient 
a, thereby changing the air-fuel ratio. The air-fuel ratio 
feedback correction coefficient a is, for example, used 
for correcting a difference between the stoichiometric 
level and the basic air-fuel ratio determined in accord- 
ance with the basic fuel injection quantity. 
[0021] In this embodiment, for example, as shown in 
Fig. 3, the air-fuel ratio feedback correction coefficient 
a is enlarged stepwise by an amount corresponding to 
the enrichment degree, at the changeover timing from 
the lean operation to the stoichiometric operation. Then, 
a is minimized at a recovery rate DRSP (At). Thereafter, 
the enrichment treatment is terminated at a timing at 
which a reaches a slice level. Thus, the enrichment de- 
gree KRICH is enlarged by a correction amount deter- 
mined upon taking account of the oxygen absorption 



ability of the three-way catalyst 6. The air-fuel ratio feed- 
back correction coefficient a is calculated in accordance 
with an output of the upstream-side oxygen sensor 14 
during the stoichiometric operation, and clamped at 1 .0 
during other operations than the stoichiometric opera- 
tion. 

[0022] However, the oxygen absorbing ability and ox- 
idizing ability of the three-way catalyst 6 changes upon 
deterioration with age or under different temperature 
conditions, and therefore the quantity of HC and CO to 
be supplied to the NOx storage type three-way catalyst 
7 becomes excessive or deficient in case that the cor- 
rection amount determined upon taking account of the 
oxygen absorbing ability of the three-way catalyst 6 is 
constant. 

[0023] In view of the above, according to the first em- 
bodiment, the oxygen (O 2 ) sensor 15 is disposed in the 
exhaust gas passage 5 downstream of the three-way 
catalyst 6 and upstream of the NOx storage type three- 
way catalyst 7. With this arrangement, the oxygen ab- 
sorbing ability of the three-way catalyst 6 is estimated 
from an amplitude ratio (or frequency ratio) between out- 
puts of the two oxygen sensors 1 4, 1 5 disposed respec- 
tively on the upstream and downstream sides of the 
three-way catalyst 6. The correction amount on the ba- 
sic value for the enrichment degree is set in accordance 
with the thus estimated oxygen absorbing ability. This 
will be explained again using Fig. 2. A usual air-fuel ratio 
feedback control is carried out in the section A where 
the stoichiometric operation is made. In order to obtain 
the oxygen absorbing ability of the three-way catalyst 6 
using this section A, an amplitude average of the output 
of the upstream-side oxygen sensor 14 and an ampli- 
tude average of the output of the downstream-side ox- 
ygen sensor 15 are respectively calculated, upon which 
a ratio between these amplitude averages is calculated. 
The oxygen absorbing ability is estimated from this am- 
plitude ratio. Assuming that the amplitude ratio is large 
(high in oxygen absorbing ability), much oxygen is ab- 
sorbed in the three-way catalyst 6 in the section B and 
oxidizes much reducing agents (HC and CO) produced 
by the enrichment treatment at the point C. Therefore, 
the enrichment degree at the point C is changed to in- 
crease. 

[0024] A manner of the above enrichment degree 
control executed by the control unit 11 will be discussed 
with reference to flowcharts 1 to 14. 
[0025] First, Fig. 4 shows a flowchart for accomplish- 
ing judgement of the condition of the lean operation, in 
which the routine of this flowchart is executed every a 
predetermined time (for example, 10 msec). 
[0026] At a step S1 , the engine speed NE, the vehicle 
speed VSP, the accelerator operation amount APTV, the 
engine coolant temperature TWN and the like are read. 
In accordance with these, respective ones of lean oper- 
ation permitting conditions (discussed after) are succes- 
sively judged. 

[0027] At a step S2, the value of the lean operation 
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permitting flag is moved to a prior time lean operation 
permitting flag (a flag for storing which the value of the 
lean operation permitting flag at a prior time or the im- 
mediately preceding computer computation cycle). 
Thereafter, at steps S3 and S4, checking is made on the 5 
following respective conditions: 

<1> An enrichment treatment flag FRSP = 0 (i.e., 
no enrichment treatment is being made); and 
<2> All flags of the lean operation permitting condi- 
tions are 1 . 

[0028] If any one of the above conditions <1 > and <2> 
is not met, a flow goes to a step S5 in which °O n (for 
doing not permit the lean operation) is applied to the lean 
operation permitting flag FLEAN. If the both two condi- 
tions <1 > and <2> are met, the flow goes to a step S6 
in which "1 " (for permitting the lean operation) is applied. 
Here, the lean operation permitting conditions of <2> in- 
clude a condition where warming-up of the engine has 
been completed (in which a flag FLTWN = 1 ); a condition 
where the engine speed is within a certain range for the 
lean operation (in which a flag FLRPM = 1); a condition 
where the vehicle speed VSP is within a certain range 
(in which a flag FLVSP = 1); a condition where the ac- 
celerator operation amount APTV is not larger than a 
certain value (in which a flag FLAPTV = 1 ). The flags in 
<2> are the above flags FLTWN, FLRPM, FLVSP, and 
FLAPTV. 

[0029] At a step S7, when FLEANOLD * 1 (i.e., a 
changeover is made for permitting the lean operation at 
this time or current computer computation cycle) upon 
judging the prior time lean operation permitting flag 
FLEANOLD, the flow goes to a step S8 in which "0" is 
applied to a counter CLT for counting a continuation time 
of the lean operation so as to reset the counter. On the 
contrary, when FLEANOLD = 1 (i.e., permitting the lean 
operation is continued), the flow goes to a step S9 in 
which an increment is made on the counter CLT. 
[0030] Fig. 5 shows a flowchart for accomplishing 
judgement for permitting calculation of the amplitude ra- 
tio Var between the outputs of the two oxygen sensors 
14, 15 disposed on the upstream- and downstream- 
sides of the three-way catalyst 6. The routine of th is flow- 
chart is executed every 10 msec independently from the 
routine of Fig. 4. 

[0031] At a step S11, the intake air quantity Qa, the 
engine speed NE, and the engine coolant temperature 
TWN are read. Thereafter, at steps 51 2 to S1 5, checking 
is made on the respective following conditions: 

<1> The lean operation permitting flag FLEAN = 0; 
<2> The intake air quantity is within a certain range 
(Qmin ^ Qa ^ Qmax); 

<3> The NOx storage three-way catalyst 7 is active 
(i.e., the engine coolant temperature TWN is within 
a certain range (TWN Ml N < TWN); and 
<4> A predetermined delay time Td (for example, 2 



to 3 seconds) has lapsed from a timing of change- 
over from n 1 n to '0' in the flag FLEAN. 

[0032] When all the conditions <1> to <4> are met, 
calculation of the amplitude ratio is permitted (in which 
the amplitude ratio calculation permitting flag FCALVAR 
= 1 ) at a step S1 6. When even any one of the conditions 
<1> to <4> is not met, the flow goes to a step S17 in 
which the calculation of the amplitude ratio is not per- 
mitted (in which the amplitude ratio calculation permit- 
ting flag FCALVAR = 0). 

[0033] In the above <2>, the calculation of the ampli- 
tude ratio is not permitted within ranges where the intake 
air quantity Qa is less than the lower limit Qmin and more 
than the upper limit Qmax. This is because no judge- 
ment for the oxygen absorbing ability of the three-way 
catalyst 6 can be made within the above ranges. Addi- 
tionally, the above delay time Td is provided for the rea- 
son why the atmosphere of the stoichiometric air-fuel 
ratio cannot be immediately formed in the three-way cat- 
alyst 6 when a changeover is made to the stoichiometric 
operation under the action of the lean operation permit- 
ting flag FLEAN, so that standing-by is made until the 
atmosphere of the stoichiometric air-fuel ratio is formed 
within the three-way catalyst 6. 
[0034] Fig. 6 shows a flowchart for accomplishing cal- 
culation of the amplitude ratio Var. The routine of this 
flowchart is executed every 1 0 msec, following the rou- 
tine in Fig. 6. 

[0035] At a step S21 , confirmation is made on an am- 
plitude ratio calculation terminated flag (which is set at 
a 0 M at engine starting). When the amplitude ratio calcu- 
lation terminated flag = 0, the flow goes to a step S22 in 
which initialization is accomplished by making such ini- 
tial settings that an initial value setting flag FST = 0 and 
an integrating counter n representative of time length = 
0. Then, at a step S23, confirmation is made on an am- 
plitude ratio calculation permitting flag FCALVAR. When 
the amplitude ratio calculation permitting flag FCALVAR 
= 1 , increment is made on the counter n at a step S24, 
while the output V02 of the upstream-side oxygen sen- 
sor and the output VR02 of the downstream-side oxy- 
gen sensor are read at a step S25. 
[0036] At a step S26, confirmation is made on the in- 
itial value setting flag FST. When the initial value setting 
flag FST = 0, the flow goes to a step S27 for the purpose 
of setting initial values. At the step S27, the output V02 
of the upstream-side oxygen sensor is applied to V02 
(1); the output VR02 of the downstream-side oxygen 
sensor is applied to VR02(1); 0 is applied to an integrat- 
ed value VLC of a change amount of the output V02 of 
the upstream-side oxygen sensor per an operation time 
(1 0 msec); and 0 is applied to an integrated value VRLC 
of a change amount of the output VR02 of the down- 
stream-side oxygen sensor per the operation time. By 
this, setting the initial values is completed, so that the 
initial value setting flag FST = 1 is established. 
[0037] Under the action of this FST = 1 , the flow goes 
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from the step S26 to a step S29 after the next time or 
next computer computation cycle, as far as the condi- 
tions are not changed over those at the prior time. 
[0038] At the step S29, an absolute value I V02(1 ) - 
V02 I of the change amount of the output V02 relative s 
to that at the prior time in the upstream-side oxygen sen- 
sor. The absolute value is added to VLC to obtain an 
added value which is newly set VLC. The above change 
amount of the output V02 is a change amount per the 
operation time (10 msec). The above operation at the 
step S29 is continued until the counter value of the in- 
tegrating counter n reaches 1000 (i.e., 10 msec x 1000 
= 10 seconds has lapsed) as discussed after. 
[0039] Here, the wave form of the output of the up- 
stream-side oxygen sensor in the section A in Fig. 2 is 
shown in Fig. 7A, in which continuing the operation at 
the step S29 corresponds to determining the length of 
a string upon a linearly represented output wave form is 
supposed as the string. Accordingly, VLC correspond- 
ing to the length of the string represents an amplitude 
integrated value. In this regard, strictly speaking, calcu- 
lation is to be made for the indicated amplitudes or 
waves VL(1 ), VL(2), .... VL(n); however, it is sufficient to 
use VLC obtained at the step S29 as the amplitude in- 
tegrated value, from the viewpoint of calculation accu- 
racy. 

[0040] Turning back to the flowchart of Fig. 6, at a step 
S30, an operation similar to that at the step S29 is made 
so that an absolute value I VR02(1) - VR02 I of the 
change amount of the output VR02 relative to that at 
the prior time in the downstream-side oxygen sensor is 
added to VRLC to obtain an added value which is newly 
set VRLC. At a step S31, the values of V02 and VR02 
are removed respectively to the corresponding V02(1) 
and VR02(1) for the purpose of calculation at the next 
time or next computer computation cycle. The wave 
form of the output of the downstream-side oxygen sen- 
sor in the section A in Fig. 2 is shown in Fig. 7B and 
similar to that of the upstream-side oxygen sensor as 
shown in Fig. 7A. Accordingly, strictly speaking, calcu- 
lation is to be made for the indicated amplitudes or 
waves VR(1), VR(2), VR(k); however, it is sufficient 
to use VRLC obtained at the step S30 as the amplitude 
integrated value, from the viewpoint of calculation accu- 
racy. 

[0041] At a step S32, the counter value of the integrat- 
ing counter n is compared with 1000. Until the counter 
value of the integrating counter n has reached 1 000, op- 
erations at the steps S29, S30 and S31 are repeated. 
When the counter value of the integrating counter n has 
reached 1 000 (n = 1 000), the flow goes to a step S33 in 
which calculation of dividing VRLC by VLC is made to 
obtain the amplitude ratio Var. This amplitude ratio Var 
represents the oxygen absorbing ability of the second 
catalyst 6. The amplitude ratio Var is updated to the new- 
est value for the enrichment treatment discussed after 
whenever the Var calculation is permitted, so that this 
newest value Var represents the oxygen absorbing abil- 



ity in a condition immediately before the enrichment 
treatment is made. 

[0042] It will be understood that the amplitude ratio 
Var may obtained by averaging a plurality of the values 
of Var (Var(1) to Var(n)) which are input in a memory. 
This averaged Var also represents the oxygen absorb- 
ing ability of the second catalyst 6 in the condition im- 
mediately before the enrichment treatment is made. 
[0043] Thus, calculation of Var has been completed, 
and therefore the setting of the amplitude ratio calcula- 
tion terminated flag = 1 is made. 
[0044] Fig. 8 shows a flowchart for setting the enrich- 
ment treatment flag FRSR The routine of this flowchart 
is executed separately from those of the flowcharts in 
Figs. 4 and 5, every 100 msec. At steps S41 and S42, 
confirmation is made on the two flags FLEANOLD, 
FLEAN. Only when FLEANOLD = 1 and FLEAN = 0 (i. 
e., reaching the changeover timing from the lean oper- 
ation to the stoichiometric operation), the flow goes to a 
step S43 in which the setting of the enrichment treat- 
ment flag FRSP (the initial setting is made at "0" at the 
engine starting) = 1 is made. 

[0045] Fig. 9 is a flowchart for calculating the enrich- 
ment degree KRICH of the air-fuel ratio. The routine of 
this flowchart is executed following the routine of the 
flowchart in Fig. 8, every 10 msec. 
[0046] At a step S51 , confirmation is made on the en- 
richment treatment flag FRSP. When FRSP = 1 , the flow 
goes to a step S52 in which confirmation is made on the 
enrichment degree ERICH (which is initially set at 0 at 
the engine starting). At a timing at which the enrichment 
treatment flag FRSP = 1 , when KRI CH = 0, the flow goes 
to steps S53 and S54 in which an initial value KRICHST 
of the enrichment degree (the enrichment degree at a 
step change) is calculated (as discussed after). This in- 
itial value KRICHST (KRICHST > 0) is moved to KRICH. 
[0047] When KRICH > 0, the flow goes from the step 
S52 to steps S55 and S56 in which searching is made 
on a table shown in Fig. 10 in accordance with the intake 
air quantity Qa, thereby obtaining a recovery rate DRSP 
(a recovery amount to the stoichiometric side per the 
operation time (10 msec). A value obtained by subtract- 
ing this value DRSP from KRICH is newly set as ERICH. 
Here, the recovery rate takes the characteristics shown 
in Fig. 10 because the supply amount of HC and CO 
increases as the ai r quantity (airflow quantity) Qa is larg- 
er. 

[0048] At a step S57, confirmation is made on the val- 
ue of KRICH. When the value of KRICH is higher than 
0, operations at the steps S55 and S56 are repeated. 
Shortly, when ERICH becomes not higher than 0, the 
flow goes from the step 57 to steps S58 and S59 in which 
the setting of the enrichment treatment flag FRSP = 0 
is made to complete the enrichment treatment. 
[0049] By employing the thus calculated enrichment 
degree ERICH, the air-fuel ratio feedback correction co- 
efficient a is stepwise enlarged by the initial value 
KRICHST, and thereafter the coefficient a is minimized 
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at the recovery rate DRSR Then, at the timing at which 
the output of the upstream-side oxygen sensor 14 is 
brought into coincidence with the slice level, the normal 
air-fuel ratio feedback control is initiated as shown in 
Fig. 3. 

[0050] Here, calculation of the above-mentioned ini- 
tial value KRICHST of the air-fuel ratio enrichment de- 
gree will be discussed with reference to a flowchart of 
Fig. 1 1 which is a sub-routine of the step S53 in the flow- 
chart of Fig. 9. 

[0051] At steps S61 and S62, searching is made on 
tables shown in Figs. 12 and 13 in accordance with the 
lean operation continuation time counted by the counter 
CLT, thereby determining the NOx release-reduction ba- 
sic value SNORS for the NOx storage type three-way 
catalyst 7 in connection with releasing and reducing 
NOx and the oxygen absorption basic value B-FORS for 
the three-way catalyst 6 in connection with absorbing 
oxygen. Additionally, at a step S63, searching is made 
on a table shown in Fig. 14 in accordance with the new- 
est amplitude ratio Var or the amplitude ratio in a condi- 
tion immediately before the enrichment treatment is 
made, thereby determining a correction coefficient AD- 
HOS for the oxygen absorption basic value B-FORS. By 
using the above three values SNORS, B-FORS and AD- 
HOS, the following calculation is made at a step S64 to 
obtain the enrichment degree initial value KRICHST: 

KRICHST = SNORS + B-FORS x ADHOS 

[0052] Here, the NOx release-reduction basic value 
SNORS is a value required for generating HC and CO 
which causing NOx absorbed in the NOx storage type 
three-way catalyst 7 to be released and reduced. In con- 
crete, the value SNORS increases with the increased 
continuation time of the lean operation as shown in Fig. 
12, and becomes constant after NOx is fully absorbed 
in the NOx storage type three-way catalytic converter 7. 
The oxygen absorption basic value B-FORS is a value 
corresponding to an amount of oxygen absorbed in the 
three-way catalyst 6 in its new condition, and has a char- 
acteristics shown in Fig. 13 which is similar to that in Fig. 
12, so that it increases with the increased continuation 
time of the lean operation and becomes constant after 
oxygen is fully absorbed in the three-way catalyst 6. The 
characteristics in Figs. 12 and 13 has a inclined linear 
portion whose inclination depends on the capacity of the 
catalyst, so that the inclination of the inclined linear por- 
tion is smaller as the capacity of the catalyst is larger in 
case of using the same engine. 
[0053] The correction coefficient ADHOS is a value 
which is minimized as the amplitude ratio Var is enlarged 
as shown in Fig. 14. The reason why the correction co- 
efficient ADHOS takes such characteristics is as fol- 
lows: When the three-way catalyst 6 is in its new condi- 
tion where the oxygen absorbing ability is high (the am- 
plitude ratio Var is near 0), much of HC and CO to be 



supplied to the NOx storage type three-way catalyst 7 
is unavoidably oxidized by the three-way catalyst 6, and 
therefore the enrichment degree is increased by an 
amount corresponding to HC and CO to be oxidized in 

s the three-way catalyst 6. The increased amount in the 
enrichment degree is shown as the characteristics in 
Fig. 13. In contrast, when the oxygen absorbing ability 
of the three-way catalyst 6 has been lowered (i.e., the 
amplitude ratio Var has approached 1) owing to deteri- 

10 oration with age or time lapse, the amount of HC and 
CO oxidized by the three-way catalyst 6 of HC and CO 
to be supplied to the NOx storage type three-way cata- 
lyst 7 is reduced. Accordingly, assuming that the in- 
creased amount in the enrichment degree is the same 

15 as that in case that the three-way catalyst 6 is in the new 
condition, the amount of HC and CO to be supplied to 
the NOx storage type three-way catalytic converter 7 is 
excessive, and therefore not only fuel is uselessly con- 
sumed but also excessive HC and CO are discharged 

20 as they are to the downstream side of the NOx storage 
type three-way catalytic converter 7 thereby to worsen 
exhaust emission. 

[0054] In view of the above, according to this embod- 
iment, the correction coefficient ADHOS is minimized as 

25 the oxygen absorbing ability of the three-way catalyst 6 
lowers, thereby supplying a suitable amount of HC and 
CO to the NOx storage type three-way catalyst 7 without 
excess and deficiency even in a condition where the 
three-way catalyst 6 has been deteriorated. 

30 [0055] As appreciated from the above, according to 
the first embodiment, the oxygen absorbing ability of the 
three-way catalyst 6 is estimated from the amplitude ra- 
tio (or frequency ratio) between the outputs of the two 
oxygen sensors 14, 15 which are respectively disposed 

35 upstream and downstream of the three-way catalyst 6. 
The correction coefficient ADHOS for the oxygen ab- 
sorption basic value B-FORS of the three-way catalyst 
is set smaller as the oxygen absorbing ability becomes 
smaller. The initial value KRICHST of the enrichment 

40 degree is given as the sum of the oxygen absorption 
basic value (corrected with the correction coefficient 
ADHOS) of the above-mentioned three-way catalyst 
and the NOx release-reduction basic value SNORS of 
the NOx storage type (three-way) catalyst. As a result, 

45 even if deterioration with age has occurred in the three- 
way catalyst and/or temperature conditions for the 
three-way catalyst are different, supply of HC and CO 
to the NOx storage type (three-way) catalyst can be ac- 
complished without excess and deficiency in quantity. 

50 [0056] Fig. 1 5 illustrates a second embodiment of the 
exhaust emission control system C according to the 
present invention, which is similar to the first embodi- 
ment shown in Figs. 1 to 14 with the exception that the 
flowchart in Fig. 9 is replaced With a flowchart in Fig. 

55 15. In the flowchart in Fig. 15, the same step numbers 
designate the same steps as those in Fig. 9. 
[0057] The initial value KRICHST of the enrichment 
degree cannot be boundlessly increased so that there 



8 



15 



EP 0 930 425 A2 



16 



exists an upper limit RSPMAX (a combustion stability 
limit on a side of rich air-fuel ratio) of the initial value 
from the viewpoint of maintaining stable combustion on 
the rich side of the air-fuel ratio). This second embodi- 
ment is arranged to cope with an event where the en- 
richment degree initial value KRICHST exceeds this up- 
per limit RSPMAX. 

[0058] It will be understood that, in this embodiment, 
the amount of HC and CO to be supplied to the NOx 
storage type three-way catalytic converter 7 is to be se- 
cured similarly to that in a case where the enrichment 
degree initial value KRICHST is not limited with the up- 
per limit RSPMAX. In this regard, the amount of HC and 
CO to be supplied to the NOx storage type three-way 
catalyst 7 generally corresponds to the area of a 
hatched high triangle having the recovery rate DRSP as 
shown in Fig. 16. Accordingly, even in case that the en- 
richment degree initial value is limited with the upper lim- 
it RSPMAX, the same amount of HC and CO can be 
supplied to the NOx storage type three-way catalyst 7 
by lowering the recovery rate to DRSP1 , as indicated as 
a hatched low triangle having the same area as that of 
the above-mentioned hatched high triangle, in Fig. 16. 
The recovery rate DRSP1 in case that the enrichment 
degree initial value is limited with the upper limit RSP- 
MAX can be calculated by an equation (DRSP1 = DRSP 
x (RSPMAX / KRICHST) 2 ). 

[0059] Specifically, at a step S53 in the flowchart in 
Fig. 1 5 at the first time of first computer computation cy- 
cle, the initial value KRICHST is calculated. Thereafter, 
at a step S71, this initial value KRICHST is compared 
with the upper limit value RSPMAX of the enrichment 
degree initial value. When KRICHST > RSPMAX, the 
flow goes to a step S72 in which the upper limit value 
RSPMAX is applied to KRICH. At a step S73, "1 0 is ap- 
plied to a flag FMAX so as to represent the fact that the 
enrichment degree initial value is limited with the upper 
limit value. 

[0060] At the second time or second computer com- 
putation cycle, the flow unavoidably goes from the step 
S52 to a step S74 in which confirmation is made on the 
flag FMAX . When FMAX= 1 , the flow goes to steps S75 
and S76 in which the preset recovery rate DRSP (= the 
recovery rate (a constant value) for the case that the 
enrichment degree initial value is not limited to the upper 
limit value) is multiplied by (RSPMAX / KRICHST)2 
thereby obtaining the recovery rate DRSP1 for the case 
that the enrichment degree initial value is limited with 
the upper limit value. Additionally, this recovery rate 
DRSP1 is subtracted from KRICH to obtain a value 
which is newly set as KRICH. 

[0061] When the enrichment treatment has been 
completed, setting of FMAX = 0 is made at a step S77. 
[0062] As discussed above, according to the second 
embodiment, even in case that the initial value 
KRICHST of the enrichment degree is limited with its 
upper limit value RSPMAX, HC and CO to be required 
by the NOx storage type three-way catalyst can be sup- 



plied without excess and deficiency in quantity. 
[0063] Fig. 1 7 illustrates a third embodiment of the ex- 
haust emission control system according to the present 
invention, which is similar to the first embodiment shown 

5 in Figs. 1 to 14 with the exception that the flowchart of 
Fig. 11 is replaced with a flowchart of Fig. 17. 
[0064] Although the first embodiment is arranged to 
set separately the NOx release-reduction basic value 
SNORS and the oxygen absorption basic value B- 

10 FORS, the second embodiment is arranged to set a val- 
ue obtained by simply adding or combining SNORS and 
B-FORS as a basic value KRICH0 for the enrichment 
degree, by utilizing the fact that the amount of NOx and 
oxygen discharged from the engine depends on the en- 

75 gine speed and the engine torque of the engine. 

[0065] Specifically, at a step S81, the engine speed 
NE and the engine torque are read. At a step S82, 
searching is made on a map in accordance with the en- 
gine speed and the engine torque to obtain the enrich- 

20 ment degree basic value KRICH0 which corresponds to 
the sum or combination of the NOx release-reduction 
basic value SNORS and the oxygen absorption basic 
value B-FORS. At a step S83, a correction coefficient 
ADHOS2 is determined by searching a table similar to 

25 that of Fig. 14. At a step S84, the enrichment degree 
initial value KRICHST is calculated by the following 
equation : 

30 KRICHST = KRICH0 x ADHOS2 

[0066] It will be understood that the same functions 
as those in the first embodiment can be achieved by the 
third embodiment. 

35 [0067] There has been proposed an earlier technique 
which is provided with a double oxygen sensor system 
including two oxygen sensors and arranged as follows 
as disclosed in Japanese Patent Application No. 
9-8151 6: The two oxygen (O 2 ) sensors are disposed re- 

40 spectively on the upstream and downstream sides of a 
three-way catalyst to accomplish an air-fuel ratio feed- 
back control for the purpose of causing the three-way 
catalyst to effectively function. The air-fuel ratio feed- 
back correction coefficient a is used to calculate the ef- 

45 fective or actual fuel injection quantity at which fuel is 
injected to be supplied to each cylinder of the engine. 
The air-fuel ratio feedback correction coefficient a is cal- 
culated in accordance with a feedback control constant 
(for example, a proportional amount PL, PR) which is 

so corrected in accordance with a correction amount 
PHOS which is obtained in accordance with the output 
of the downstream-side oxygen sensor. Additionally, a 
wave form similar to that of the air-fuel ratio feedback 
correction coefficient a is applied to the correction 

55 amount PHOS. In this case, the feedback cycle of the 
correction amount PHOS is in close relation to the oxy- 
gen absorbing ability of the three-way catalyst, and 
therefore the oxygen absorbing ability of the three-way 
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catalyst can be estimated from the feedback cycle of the 
correction amount PHOS. 

[0068] While the NOx release-reduction basic value 
SNORS has been shown and described as being deter- 
mined by the table searching in the embodiments of the 
present invention, it will be understood that the basic 
value may be a constant value. Otherwise, the NOx re- 
lease-reduction basic value SNORS may be arranged 
as follows: An estimated NOx storage amount NOX- 
SUM in the NOx storage type three-way catalyst is cal- 
culated by the following equation during the lean oper- 
ation of the engine: 

NOXSUM = NOXSUMOLD + C-NOX • Qa • TNOX 

where C-NOX is the concentration of NOx; TNOX 
is an absorption or storage rate of NOx in the NOx stor- 
age type three-way catalyst; Qa is the intake air quantity; 
and NOXSUMOLD is the value of NOXSUM at a prior 
time such as the immediately preceding computer com- 
putation cycle. 

[0069] The second term in the right member in above 
equation represents the amount of NOx to be absorbed 
or stored in the NOx storage type three-way catalyst per 
the operation time. When the changeover timing of from 
lean operation to the stoichiometric operation has 
reached, the NOx release-reduction basic value 
SNORS2 is determined in accordance with the estimat- 
ed NOx storage amount NOXSUM by searching a table 
as shown in Fig. 18. 

[0070] The above-mentioned NOx concentration C- 
NOX may be determined in accordance with the engine 
speed NE and the engine torque (or the engine load) by 
searching a map (not shown). The NOx absorption rate 
TNOX is determined in accordance with the lean oper- 
ation continuation time of the counter CLT by searching 
a table as shown in Fig. 19. 

[0071] While discussion has been made on the cylin- 
der-direct injection spark-ignition engine E in the em- 
bodiments, it will be appreciated that the principle of the 
present invention may be applied to other engines, for 
example, an engine provided with a lean burn system 
by which the engine is operated mainly on air-fuel mix- 
ture having lean air-fuel ratios. 
[0072] The entire contents of Japanese Patent Appli- 
cation P1 0-5567 (filed January 1 4, 1 998) is incorporated 
herein by reference. 

[0073] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in light or the above teachings. The scope of 
the invention is defined with reference to the following 
claims. 



Claims 

1 . An exhaust emission control system for an internal 
combustion engine, comprising: 

5 

a first catalyst disposed in an exhaust gas pas- 
sage of the engine, said first catalyst function- 
ing to trap NOx in an atmosphere having an air- 
fuel ratio leaner than a stoichiometric level and 
10 to release NOx in an atmosphere having an air- 

fuel ratio richer than the stoichiometric level 
and reduce released NOx in presence of HC 
and CO; 

a second catalyst disposed in the exhaust gas 

is passage upstream of said first catalyst and hav- 

ing an oxygen trapping ability; 
means for accomplishing an enrichment treat- 
ment by enriching stepwise an air-fuel ratio of 
an air-fuel mixture to be supplied to the engine 

20 to an enrichment degree at a timing at which a 

lean operation is changed to a stoichiometric 
operation in the engine, and recovering the en- 
riched air-fuel ratio to the stoichiometric level at 
a recovery rate immediately after the enriching 

25 the air-fuel ratio; 

means for estimating the oxygen trapping abil- 
ity of said second catalyst; 
means for correcting the enrichment degree to 
decrease in the stepwise enriching as the esti- 

30 mated oxygen trapping ability decreases. 

2. An exhaust emission control system for an internal 
combustion engine, comprising: 

35 a first catalyst disposed in an exhaust gas pas- 

sage of the engine, said first catalyst function- 
ing to trap NOx in an atmosphere having an air- 
fuel ratio leaner than a stoichiometric level and 
to release NOx in an atmosphere having an air- 
40 fuel ratio richer than the stoichiometric level 

and reduce released NOx in presence of HC 
and CO; 

a second catalyst disposed in the exhaust gas 
passage upstream of said first catalyst and hav- 
45 ing an oxygen trapping ability; and 

a control unit including 

a first section for accomplishing an enrich- 
ment treatment by enriching stepwise an 
50 air-fuel ratio of an air-fuel mixture to be sup- 

plied to the engine to an enrichment degree 
at a timing at which a lean operation is 
changed to a stoichiometric operation in 
the engine, and recovering the enriched 
55 air-fuel ratio to the stoichiometric level at a 

recovery rate immediately after the enrich- 
ing the air-fuel ratio, 

a second section for estimating the oxygen 
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trapping ability of said second catalyst, and 
a third section for correcting the enrich- 
ment degree to decrease in the stepwise 
enriching as the estimated oxygen trapping 
ability decreases. 

3. An exhaust emission control system as claimed in 
Claim 1 , wherein said first section includes a fourth 
section for setting a NOx release-reduction basic 
value for said first catalyst in accordance with a lean 
operation continuation time, a fifth section for set- 
ting an oxygen trapping basic value for said second 
catalyst in accordance with the lean operation con- 
tinuation time, a sixth section for setting a sum of 
the NOx release-reduction basic value and said ox- 
ygen trapping basic value as the enrichment degree 
in the stepwise enriching, and a seventh section for 
decreasing the enrichment degree at a recovery 
rate immediately after the stepwise enriching, 
wherein said third section includes an eighth sec- 
tion for setting a correction coefficient which de- 
creases as the oxygen trapping ability of said sec- 
ond catalyst decreases, and a ninth section for cor- 
recting the oxygen trapping basic value in said fifth 
section with the correction coefficient in said eighth 
section. 

4. An exhaust emission control system as claimed in 
Claim 1 , wherein said first section includes a tenth 
section for setting the enrichment degree in the 
stepwise enriching in accordance with an engine 
speed and an engine torque of the engine, an elev- 
enth section for decreasing the enrichment degree 
at a recovery rate immediately after the stepwise 
enriching, wherein said third section includes a 
twelfth section for setting a correction coefficient 
which decreases as the oxygen trapping ability of 
said second catalyst decreases, and thirteenth sec- 
tion for correcting the enrichment degree in said 
tenth section with the correction coefficient in said 
twelfth section. 

5. An exhaust emission control system as claimed in 
Claim 4, wherein the enrichment degree in said 
tenth section corresponds to a sum of a NOx re- 
lease-reduction basic value for said first catalyst 
and an oxygen trapping basic value for said second 
catalyst. 

6. An exhaust emission control system as claimed in 
Claim 5, wherein said NOx release-reduction basic 
value and said oxygen trapping basic value are set 
in accordance with a lean operation continuation 
time. 

7. An exhaust emission control system as claimed in 
Claim 1 , wherein said second section in said control 
unit includes a fourteenth section for estimating the 



oxygen trapping ability in a condition immediately 
before the enrichment treatment. 

8. An exhaust emission control system as claimed in 
s Claim 1 , further comprising first and second oxygen 
sensors which are disposed in the exhaust gas pas- 
sage and located respectively on an upstream side 
and a downstream side of said second catalyst, 
wherein said second section in said control unit in- 
cludes a fifteenth section for estimating the oxygen 
trapping ability in accordance with a ratio between 
outputs of said first and second oxygen sensors. 

An exhaust emission control system as claimed in 
Claim 8, wherein said ratio is an amplitude ratio. 

10. An exhaust emission control system as claimed in 
Claim 8, wherein said ratio is a frequency ratio. 

11. An exhaust emission control system for an internal 
combustion engine, comprising: 

a first catalyst disposed in an exhaust gas pas- 
sage of the engine, said first catalyst function- 
ing to trap NOx in an atmosphere having an air- 
fuel ratio leaner than a stoichiometric level and 
to release NOx in an atmosphere having an air- 
fuel ratio richer than the stoichiometric level 
and reduce released NOx in presence of HC 
and CO; 

a second catalyst disposed in the exhaust gas 
passage upstream of said first catalyst and hav- 
ing an oxygen trapping ability; 
means for accomplishing an enrichment treat- 
ment by enriching stepwise an air-fuel ratio of 
an air-fuel mixture to be supplied to the engine 
to an enrichment degree at a timing at which a 
lean operation is changed to a stoichiometric 
operation in the engine, and recovering the en- 
riched air-fuel ratio to the stoichiometric level at 
a recovery rate immediately after the enriching 
the air-fuel ratio; 

means for increasing the enrichment degree in 
the stepwise enriching by an amount corre- 
sponding to a quantity of HC and CO oxidized 
with oxygen trapped in said second catalyst, 
the quantity of HC and CO forming part of HC 
and CO to be supplied to said first catalyst; and 
means for restricting the enrichment degree in 
the stepwise enriching inside a combustion sta- 
bility limit when the enrichment degree in the 
stepwise enriching is to exceed the combustion 
stability limit on a side of rich air-fuel mixture, 
and correcting the recovery rate in a manner 
that said first catalyst is able to be supplied with 
a quantity of HC and CO which is generally 
equal to a quantity of HC and CO in the same 
condition except for the enrichment degree be- 
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ing not restricted by the combustion stability 
limit. 

12. An exhaust emission control system for an internal 
combustion engine, comprising: 

a first catalyst disposed in an exhaust gas pas- 
sage of the engine, said first catalyst function- 
ing to trap NOx in an atmosphere having an air- 
fuel ratio leaner than a stoichiometric level and 
to release NOx in an atmosphere having an air- 
fuel ratio richer than the stoichiometric level 
and reduce released NOx in presence of HC 
and CO; 

a second catalyst disposed in the exhaust gas 
passage upstream of said first catalyst and hav- 
ing an oxygen trapping ability; and 
a control unit including 

a first section for accomplishing an enrich- 
ment treatment by enriching stepwise an 
air-fuel ratioof an air-fuel mixture to be sup- 
plied to the engine to an enrichment degree 
at a timing at which a lean operation is 
changed to a stoichiometric operation in 
the engine, and recovering the enriched 
air-fuel ratio to the stoichiometric level at a 
recovery rate immediately after the enrich- 
ing the air-fuel ratio, 

a second section for increasing the enrich- 
ment degree in the stepwise enriching by 
an amount corresponding to a quantity of 
HC and CO oxidized with oxygen trapped 
in said second catalyst, the quantity of HC 
and CO forming part of HC and CO to be 
supplied to said first catalyst, and 
a third section for restricting the enrichment 
degree in the stepwise enriching within a 
combustion stability limit when the enrich- 
ment degree in the stepwise enriching is to 
exceed the combustion stability limit on a 
side of rich air-fuel mixture, and correcting 
the recovery rate in a manner that said first 
catalyst is able to be supplied with a quan- 
tity of HC and CO which is generally equal 
to a quantity of HC and CO in the same 
condition except for the enrichment degree 
being not restricted by the combustion sta- 
bility limit. 

13. An exhaust emission control system as claimed in 
Claim 1 2, further comprising a fourth section for es- 
timating the oxygen trapping ability of said second 
catalyst, wherein said second section in said control 
unit includes a fifth section for estimating the oxy- 
gen trapping ability in a condition immediately be- 
fore the enrichment treatment. 
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14. An exhaust emission control system as claimed in 
Claim 13, further comprising first and second oxy- 
gen sensors which are disposed in the exhaust gas 
passage and located respectively on an upstream 
side and a downstream side of said second catalyst, 
wherein said fourth section in said control unit in- 
cludes a sixth section for estimating the oxygen 
trapping ability in accordance With a ratio between 
outputs of said first and second oxygen sensors. 

15. An exhaust emission control system as claimed in 
Claim 14, wherein said ratio is an amplitude ratio. 

16. An exhaust emission control system as claimed in 
Claim 14, wherein said ratio is a frequency ratio. 

17. A method of controlling exhaust emission of an in- 
ternal combustion engine provided with an exhaust 
emission control system including a first catalyst 
disposed in an exhaust gas passage of the engine, 
said first catalyst functioning to trap NOx in an at- 
mosphere having an air-fuel ratio leaner than a sto- 
ichiometric level and to release NOx in an atmos- 
phere having an air-fuel ratio richer than the stoichi- 
ometric level and reduce released NOx in presence 
of HC and CO, and a second catalyst disposed in 
the exhaust gas passage upstream of said first cat- 
alyst and having an oxygen trapping ability, the 
method comprising 

accomplishing an enrichment treatment by en- 
riching stepwise an air-fuel ratio of an air-fuel 
mixture to be supplied to the engine to an en- 
richment degree at a timing at which a lean op- 
eration is changed to a stoichiometric operation 
in the engine, and recovering the enriched air- 
fuel ratio to the stoichiometric level at a recov- 
ery rate immediately after the enriching the air- 
fuel ratio; 

estimating the oxygen trapping ability of said 
second catalyst; and 

correcting the enrichment degree to decrease 
in the stepwise enriching as the estimated ox- 
ygen trapping ability decreases. 
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stoichiometric level and to release NOx in an atmos- 
phere having an air-fuel ratio richer than the stoichio- 
metric level and reduce released NOx in presence of 
HC and CO. A second catalyst is disposed in the ex- 
haust gas passage upstream of the first catalyst and 
having an oxygen absorbing ability. A control unit is pro- 



vided including a first section for accomplishing an en- 
richment treatment by enriching stepwise an air-fuel ra- 
tio of an air-fuel mixture to be supplied to the engine to 
an enrichment degree at a timing at which a lean oper- 
ation is changed to a stoichiometric operation in the en- 
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ichiometric level at a recovery rate immediately after the 
enriching the air-fuel ratio. A second section of the con- 
trol unit is for estimating the oxygen absorbing ability of 
the second catalyst. A third section of the control unit is 
for correcting the enrichment degree to decrease in the 
step wise enricbing as the estimated oxygen absorbing 
ability decreases. 
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